Dynamic Programming is used to derive the optimal feedback solution to the minimization of a quadratic welfare loss-functional subject to a linear econometric model, when the value of some instrument variables can not be optimized in every model period, but only in single ones. In this way, the relative inertia of fiscal policymaking, as compared to monetary policy-making, can e.g. be taken into account. Analytical expressions are derived for the optimal feedback rules and for the minimum expected losses, and iterative schemes are proposed for their numerical computation. It is suggested that a numerical analysis of the economic gain to be realized by making more frequent adjustment of fiscal policy variables than is actually undertaken could yield valuable information for policy-makers.
Introduction
In recent years, several authors have addressed problems in macroeconomic policymaking with the help of linear-quadratic control methods, see e.g. Pindyck (1973) , Chow (1975) . Specifically, these authors consider the linear or linearized econometric model in state-variable form Xt = Atxt-1 + Btut + Otzt + et, t = 1 , 2 , . . . ,
(1 a)
where xt is a (n • 1) vector describing the state of the economy in the period t, ~ being the given initial state; ut is a (m • 1) vector of instruments or control vari~ables whose value is set by the policy-maker; zt is a (p • 1) vector of exogenous or predetermined variables; et is a (n x 1) vector of stochastic disturbances, normally distributed with mean 0 and serially uncorrelated; the parameter matrices At, Bt, and D t are exactly known.
For every initial state ~, (la) describes the possible behaviour of the economy over time as a function of the instrument variables ut, of the incontrollable events zt and of the random phenomena ~t. Because of the disturbances ~t this behaviour is only probabilistically known. The time-dependency of the matrices A, B, and D expresses possible changes in the economy's structure over time.
The aforementioned authors also assume an objective function in the form of a quadratic welfare loss-functional
is the expectation operator, T denotes transposition, ~'t is an exogenously specified target vector of desired values for the state in t and Kt is a given positive semidefinite weighting matrix. In general it is appropriate to define (la) so that xt includes u t as subvector, thus making ut an argument of W without complicating the notation unnecessarily. (The weighting o f u t in W can express the technical or political costs of using macroeconomic instruments. It may also be used to keep the fluctuation of ut within reasonable bounds without explicitly introducing restrictions on these fluctuations.)
The optimal policy problem is to determine the instrument sequence u~ . . . . ,u~ that minimizes the welfare loss (2) subject to the economic constraints (1 a) and (1 b). It can be s h o w n --s e e e.g. Chow (1975)--that the optimal control in t, ut, is a deterministic, linear function of the current state xt_ 1 Ut = Gtxt -! + gt, t = 1 . . . . , N,
Ht
The system (4)--(5) can easily be solved numerically. A feasible computational scheme is to use alternatively (4) and (5) for t = N , N -1 . . . . ,1 together with the initial condition HN = KN, h N = KNX, N to determine backward in time the matrices and vectors G N , gN; H N _ l,hN_ l; G N -1 , g Y -1 ; . . . ; G l , g l . Note that the feedback matrices G t and forcing vectors gt are independent of the values take by x and u over t = 0 , . . . , N so that they can be determined even before xo is known. Given G t and gt, the optimal control u~ is determined by (3) as a function of the current state of the economy Xt_l.
The above solution (3) --(5) assumes that the value of every component of u, i.e., of every instrument variable, can be optimized by the policy-maker in every period t, t ---1 . . . . ,N. In actual policy-making, however, this may indeed not be true. Consider, for example, the case when the econometric model is a quarterly model, and the instrument vector includes both fiscal policy and monetary policy variables. On the one hand, monetary policy variables can usually be adjusted more or less continuously in time. Therefore, it will in general be justified to assume that the components of u corresponding to the monetary policy variables can be optimized in every period t. On the other hand, for technical, political or institutional reasons, many important fiscal policy variables like tax rates etc. are normally kept constant over the whole fiscal year. In our example, this means that the corresponding components of u can only be optimized every four periods, in ti, ti + 4, t i + 8 . . . . , ti + 4 n , . . . . Between ti + 4n and ti + 4 (n + 1 ) they remain 'frozen' at the value they were given in ti + 4n.
In this note we extend the basic problem ( 1 ) -(2) in order to be able to take into consideration such instrument variables v which can not be optimized in every period t but only in single periods to,h . . . . . t i , . . , with t i + l -t i > 1 for at least one i. The variables v will be called intermittent control variables; the variable u, which can be optimized in every period, permanent control variables. (Our introductory example was, of course, unnecessarily restrictive in considering a situation where the interval between successive adjustments of the intermittent controls is a constant number of periods. The above problem formulation allows for variable intervals between
